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ª 2013 by the American Congress of Rehabilitation Medicine A spinal cord injury (SCI) is a devastating medical condition that highly affects the exercise capacity of the persons involved as a result of muscle weakness, loss of autonomic control below the level of injury, and subsequent changes in metabolic and vascular functions. [1] [2] [3] [4] [5] Most people with an SCI have a sedentary lifestyle, and the maintenance of an adequate exercise capacity is hindered by medical problems, social barriers, low activity levels, and low sport participation. 1, 3, 4, [6] [7] [8] This potentially leads to a debilitative cycle of exercise capacity and exposes these individuals to an increased risk of developing medical conditions, such as metabolic y Deceased.
No commercial party having a direct financial interest in the results of the research supporting this article has or will confer a benefit on the authors or on any organization with which the authors are associated. syndrome and cardiovascular disease, which is the leading cause of death in persons with an SCI. 9 Longitudinal research on the change in exercise capacity is scarce. We previously have shown the recovery of exercise capacity up to 1 year after discharge from inpatient rehabilitation 10 and subsequent stabilization up to 5 years after discharge. 11 The most previous research on exercise capacity in SCI had a cross-sectional design, and their results were influenced by an overrepresentation of active and young patients with paraplegia. [12] [13] [14] Variable-centered statistical approaches revealed that age, sex, and lesion level and completeness to be longitudinal, 10, 11 and that cross-sectional [12] [13] [14] was related to exercise capacity. Other determinants of exercise capacity were secondary impairments, pain, and activity levels. [15] [16] [17] However, clinical observations suggest a certain amount of heterogeneity in the change of exercise capacity after SCI. A person-centered statistical method known as latent class growth mixture modeling (LCGMM) [18] [19] [20] is an appropriate method to unravel this heterogeneity, which may help us understand how individuals differ in their physical adaptation to an SCI. Follow-up rehabilitation care of persons with an SCI may be improved by identifying the different patterns and characteristics of people at risk for persistently low levels or the deterioration of exercise capacity.
The aims of the present study are (1) to identify different patterns of the change of wheelchair exercise capacity in the period between the start of active SCI rehabilitation and 5 years after discharge and (2) to examine the determinants of these different patterns of wheelchair exercise capacity. We hypothesized that different wheelchair exercise capacity patterns would be identified and that older age, being a woman, tetraplegia, a complete lesion, a nontraumatic lesion, a long rehabilitation period, poor functional independence, low activity level, and suffering from pain or other secondary impairments would be identified as determinants of a low or deteriorating pattern of wheelchair exercise capacity.
Methods Participants
Eight rehabilitation centers specializing in SCIs participated in the project. The participants were eligible to join the project if they had an acute SCI, were between 18 and 65 years of age, were classified as grades A to D on the ASIA Impairment Scale (AIS), and were expected to remain wheelchair-dependent for at least long distances. The exclusion criteria were SCI because of malignancies, progressive disease, known cardiovascular disease, or psychiatric problems, and insufficient command of the Dutch language to understand the goal of the study and the testing methods. The Medical Ethics Committee of the Stichting Revalidatie Limburg/ Institute for Rehabilitation Research in Hoensbroek and all local medical ethics committees approved the research protocol in 1999. The Medical Ethics Committee of the University Medical Center Utrecht approved the sequel research protocol in 2006. All participants gave written informed consent. 21 
Procedure
Measurements were performed at the start of active inpatient rehabilitation, defined as the day that a person could sit for 3 to 4 hours accumulatively, 3 months after start of active inpatient rehabilitation, at discharge from inpatient rehabilitation, 1 year after discharge, and 5 years after discharge. These 5 measurements included a medical history and physical examination by a rehabilitation physician, an oral interview with a trained research assistant, a self-reported questionnaire, and a peak wheelchair exercise test. For persons with a short inpatient rehabilitation period, the 3-months measurement was replaced with the measurement at discharge.
Instruments
Peak power output and peak oxygen consumption Wheelchair exercise capacity, expressed as peak power output (PO peak [W] ) and peak oxygen consumption (VO 2peak [L/min]), was determined in a peak wheelchair exercise test on a motordriven treadmill. The testing protocol and equipment have previously been described. 10,22,23,a,b,c At every occasion before the maximal exercise test for each subject, the wheelchair drag force (N) for the wheelchair-user combination on the treadmill was recorded in a drag test. The participants performed 2 blocks of submaximal exercise of 3 minutes each, separated by a 2-minute rest. After 2 minutes of rest, the peak exercise test started at the same constant velocity, and the inclination was increased .36 every minute. The test was terminated when the subject was exhausted or could no longer keep pace with the speed of the treadmill. The individual testing protocol was identical for each of the testing occasions. Peak VO 2 was defined as the highest value of oxygen consumption recorded during a 30-second period. Peak PO was defined as the power output at the highest inclination that the subject could maintain for at least 30 seconds.
Personal and lesion characteristics Demographic characteristics
The demographic characteristics collected at the first test were age, sex, body mass, and height. Body mass (kg) was measured by the trained research assistant with each subsequent test. Body mass index (BMI) was calculated in kg$m À2 .
Lesion characteristics
Lesion characteristics were assessed according to the International Standards for Neurological Classification of Spinal Cord Injury. 24 AIS grades A and B were considered motor complete, and grades C and D were considered motor incomplete. Neurologic lesion level was defined as the highest motor level. Neurologic levels below T1 were defined as paraplegia, and neurologic lesion levels at or above T1 were defined as tetraplegia. The cause of injury was
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Functional independence
Functional independence was measured with the motor score of the FIM, which consisted of 13 items regarding self-care, mobility, transfers, and toileting. 25 The responses ranged on a 7-point scale from 1 (fully dependent) to 7 (fully independent). A total score was calculated and used in the analyses.
Secondary impairments were grouped into the 3 following categories.
Musculoskeletal pain
Thirteen locations were evaluated in terms of musculoskeletal pain (bilateral fingers/wrist, elbow, shoulder, hip, knee, ankle/foot, and back/neck). All of the locations were scored as absent (0) or present (1) during the last 12 months. A total musculoskeletal pain score was computed as the sum of all items (range, 0e13).
Neuropathic pain
The evaluation was composed of 1 item about nonmusculoskeletal pain and 8 other abnormal sensations, such as numbness, tingling, burning, phantom, hot or cold feelings, itching, and dull feelings. All of the items were scored as absent (0) or present (1) during the last 12 months. A total neuropathic pain score was calculated as the sum score of all items (range, 0e9).
Other secondary impairments
Seven items, including pressure ulcers, urinary tract infections, pulmonary infections, neurogenic heterotopic ossification, edema, hypotension, and autonomic dysreflexia, were scored as absent (0) or present (1) during the last 12 months. A total score was computed (range, 0e7).
Physical Activity Scale for Individuals with Physical Disabilities
Information about the level of physical activity (leisure, household, and occupational activity) was collected using the Physical Activity Scale for Individuals with Physical Disabilities (PASIPD). 26 The PASIPD was developed to assess the self-reported physical activity level of individuals with a disability, expressed in metabolic equivalent of task (MET [hour/day]) (maximum score is 182.3 MET hour/day). One MET is defined as the amount of oxygen required per minute under quiet resting conditions. The PASIPD was evaluated in people with disabilities and in people with SCI for construct validity, reliability, and criterion validity. [26] [27] [28] The PASIPD showed a moderate relation with activity parameters and a weak to moderate relation with fitness measures in people with SCI; the reported Cronbach alpha was .63. 28 The Utrecht Activity List for sport was used to assess the time spent on sports in hours per week. 29 This questionnaire is a Dutch adaptation of part of the Craig Handicap Assessment Rating Technique. 30 
Statistics
The descriptive statistics (means AE SDs) were calculated with SPSS version 18.0 d for all of the test occasions.
Only the participants who performed at least 2 out of the 5 wheelchair exercise tests were included in the analyses. Two outliers were detected using scatter plots and multivariate analysis, resulting in exclusion from the dataset and leading to a study group of 130 persons. We used chi-square tests and t tests to compare data between the participants and the loss to follow-up group at the start of active rehabilitation.
Latent class growth mixture modeling
The patterns of the changes of the dependent variable exercise capacity (PO peak and VO 2peak ) were determined by fitting an LCGMM to the data 19 using the Mplus 6.1 software program.
31,e
The LCGMM is a contemporary longitudinal technique based on structural equation modeling, which incorporates both continuous and categorical latent (unobserved) variables. The aim is to capture heterogeneity in the change of exercise capacity within an optimal number of subgroups, each with a unique pattern. Each subgroup might have its own regression coefficients when its pattern of changes in wheelchair capacity is expressed as a function of selected independent variables. The optimal model is one where individuals within a subgroup are the most similar to each other and the most different to individuals in other subgroups. To determine the optimal number of patterns, a forward approach was started with a model with 1 developmental pattern, assuming that all individuals in the study had the same change of PO peak and VO 2peak . A pattern was subsequently added each time, and the model fit was assessed. The Bayesian information criterion (BIC) and the bootstrapped likelihood ratio test (BLRT) were used to determine the optimal number of patterns. Lower values of the BIC and a significant P value of the BLRT indicate a better model fit. 19 The participants were assigned to the pattern to which they had the highest probability of belonging by using posterior probabilities.
We performed logistic regression analyses between the distinctive pairs of patterns to determine which variables could discriminate. The dependent variable in the logistic regression analyses was the dichotomous group membership. The independent variables were age, sex, BMI, level of lesion, completeness of lesion, cause of lesion, length of rehabilitation, FIM, secondary impairments total score, neuropathic pain total score, musculoskeletal pain, and activity levels.
The bivariate logistic regression analyses were first performed to select the independent variables for the multivariate models by using the selection criteria of P<0.1. Second, a backward elimination method was used for the multivariate model, leading to a final model composed of only significant predictors (P<.05). SPSS version 18.0 was used for the regression analyses.
Results

Participants' characteristics
At the start of active rehabilitation, 225 people with SCI were included in the cohort study. One hundred and nine of 225 persons participated in the peak exercise test at the start of active inpatient rehabilitation, 95 of 155 at 3 months after start of active inpatient rehabilitation, 137 of 198 at discharge, 91 of 156 at 1 year after discharge from inpatient rehabilitation, and 73 of 149 at 5 years after discharge from inpatient rehabilitation. The 132 participants who performed at least 2 peak exercise tests were included in the analyses. Two outliers were detected using scatter plots and a multivariate analysis, resulting in their exclusion from the dataset and leading to a participants group of 130 persons (table 1) .
A comparison of personal and lesion characteristics between participants (NZ130) and loss to follow-up groups (see table 1 , column EXCLUDED, nZ95) showed that the loss to follow-up group had a higher lesion level and were of older age.
Exercise capacity patterns
A model with 4 wheelchair exercise capacity patterns for PO peak best represented the data, that is, having the lowest BIC number and a significant P value of BLRT (table 2) .
The first pattern (pattern with high progressive scores) consisted of 43 participants with initially high levels of exercise capacity and strong increments during their inpatient rehabilitation and the first year after discharge, stabilizing between 1 and 5 years after discharge (fig 1) . The second pattern (pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation) contained 15 participants showing improvement in exercise capacity during inpatient rehabilitation but deterioration after discharge. The third pattern (pattern with low and only slightly progressive scores) (nZ69) showed low levels of exercise capacity at the start of active inpatient rehabilitation and a relatively strong improvement over time. The fourth pattern (pattern with low scores during inpatient rehabilitation and a sharp rise after discharge) consisted of only 3 people, with low levels during inpatient rehabilitation and a relatively sharp performance increase from discharge up to 5 years after discharge.
Determinants of pattern membership
All of the characteristics per PO peak pattern are displayed in tables 1 and 3 (columns HIGH-PRO, DETER, LOW-PRO, and LOW-RISE). The pattern with low scores during inpatient rehabilitation and a sharp rise after discharge contained 3 men with complete paraplegic lesions who had a relatively short length of rehabilitation, low functional status, and low wheelchair exercise capacity at discharge. The pattern with low scores during inpatient rehabilitation and a sharp rise after discharge (nZ3) was not taken into account in the remaining analyses of the determinants because of the small group size.
Pattern with high progressive scores versus pattern with low and only slightly progressive scores Logistic regression analyses were performed between the pattern with high progressive scores and the pattern with low and only slightly progressive scores and between the pattern with high progressive scores and pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation. Compared with people in the pattern with low and only slightly progressive scores, people in the pattern with high progressive scores were commonly young men with paraplegic lesions, a short length of rehabilitation, high functional status, and less musculoskeletal and neuropathic pain (bivariate analyses) (table 4) . A multivariate analysis detected 4 determinants of high power output in the wheelchair exercise test. These determinants were the following: the odds of being a member of the pattern with high progressive scores was .02 for women, .03 for persons with tetraplegia, .93 for older age, and 1.09 for higher functional status (table 5) . Taken together, these results explain a large proportion of the variance (Nagelkerke pseudo-R 2 Z.70). The presence of neuropathic pain approached significance (PZ.057).
Pattern with high progressive scores versus pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation
The pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation consisted mostly of men of a young age and with a paraplegic lesion of traumatic origin (see table 1 ). No differences were found with regards to the personal and lesion characteristics between the high progressive scores and improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation patterns (see table 4 ). Subjects in the pattern with high progressive scores showed less neuropathic pain and scored higher in the Utrecht Activity List for sports than the subjects in the pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation (see table 4 ). A multivariate analysis confirmed the determinants of deteriorating power output in the wheelchair exercise test over time, which were the following: the odds for being a member of the pattern with high progressive scores was 1.48 for people with high sports participation and .63 for people with high neuropathic pain (see table 5 ), together explaining a small proportion of the variance (Nagelkerke pseudo-R 2 Z.394).
Discussion
Our hypothesis that the exercise capacity in our cohort of Dutch patients with SCI follows distinct patterns from the start of active rehabilitation up to 5 years after discharge was supported. We found 4 different patterns. For the vast majority (pattern with low and only slightly progressive scores, pattern with low scores during inpatient rehabilitation and a sharp rise after discharge, and pattern with high progressive scores; totalZ88%) of the study population, the exercise capacity improved up to 5 years after discharge. A minority (pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation, 12%) showed a clear deteriorating trend after discharge. The second hypothesis was only partially confirmed: older age, being a woman, tetraplegic lesion, and low functional status were associated with low progressive pattern of PO peak . These results underlined the findings of variable-centered studies. [10] [11] [12] [13] [14] In accordance with the literature, we could confirm an association between the pain and activity level for patients with deterioration of wheelchair exercise capacity. [13] [14] [15] [16] [17] Compared with the variable-centered analyses on the change 10, 11 or status [12] [13] [14] of exercise capacity, the subject-centered LCGMM revealed different recovery patterns and identified the characteristics of patients with low or deteriorating levels.
We made a choice between PO peak and VO 2peak with respect to the length of the article and the high correlation between PO peak and VO 2peak . Peak VO 2 is a general fitness measure at the level of body function. PO peak in a handrim wheelchair exercise is more of a functional measure of wheelchair propulsion capacity at the activity level and is determined not only by oxygen consumption but also by gross mechanical efficiency (skill technique), muscle force capacity, and anaerobic power production. We chose the most functional measure (PO peak ) for further analyses.
The pattern with high progressive scores showed high progressive levels of exercise capacity and a progression of 47% over time, which might be because of the high amount of participants who were men with paraplegia in this pattern class (see table 1 ) and the resulting high functional independence 10 and the relatively short length of rehabilitation. 32 The pattern with low and only slightly progressive scores almost contained all of the subjects with tetraplegia (see table 1) from the whole study group. The subjects with tetraplegia have few available functional muscles and less sympathetic control of the cardiovascular system to cope with exercise demands, resulting in reduced oxygen consumption, power output, and improvement potential. 2, 33 This partially explains the relatively low wheelchair exercise capacities in this pattern. The pattern with low and only slightly progressive scores was also mostly composed of women (see table 1), who generally have lower oxygen consumption because of their lower mean body masses. NOTE. Missing data are ignored. Data are mean AE SD. Abbreviations: DETER, pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation; 5Y, 5 years after discharge from inpatient rehabilitation; HIGH-PRO, pattern with high progressive scores; LOW-PRO, pattern with low and only slightly progressive scores; 1Y, 1 year after discharge from inpatient rehabilitation; start, start of active inpatient rehabilitation.
Nevertheless, the pattern with low and only slightly progressive scores showed a progression over 50% (20.1e31.2W) for PO peak from start of active rehabilitation up to 5 years after discharge from inpatient rehabilitation (see fig 1) . This improvement might protect people with SCI from musculoskeletal overload injuries in their daily life activities 34 and might promote participation in work, sport, and other leisure activities. 35 When compared with PO peak , the lower improvement in VO 2peak (25%, figures not presented) indicates that the simultaneous improvements of anaerobic exercise capacity and wheelchair skills and technique, which result in a better wheelchair propulsion efficiency, 10 do take place in the course of time.
The pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation class consisted of subjects that should have been able to keep their wheelchair exercise capacity at least stable, because it had the youngest participants and mostly consisted of men with complete paraplegia. 15 The scores of the independent variables BMI, functional status, secondary impairments, and musculoskeletal pain of the pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation were almost identical to those of the pattern with high progressive scores. According to these characteristics, these subjects should have been clustered in the pattern with high progressive scores class. Because of the NOTE. An odds ratio <1 describes lower probability to be in the HIGH-PRO group. Abbreviations: CI, confidence interval; DETER, pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation; 5Y, 5 years after discharge from inpatient rehabilitation; HIGH-PRO, pattern with high progressive scores; LOW-PRO, pattern with low and only slightly progressive scores; NE, not entered; NS, not significant. * Significance set at P<.05.
small group size of the pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation group (nZ15), we were cautious with conclusions from the comparative analyses between the improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation and high progressive scores patterns. Nevertheless, the logistic regression analyses revealed that the pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation showed more neuropathic pain and was less active in sports than the pattern with high progressive scores (see table 5 ); this is a possible explanation for the deterioration of exercise capacity after discharge that is caused by a debilitative cycle of pain-inactivity-low exercise capacity with long-term health consequences. 16, 17 Contrary to the literature, 13, 14, 16 sports participation was not a distinctive determinant for PO peak between the pattern with high progressive scores and the pattern with low and only slightly progressive scores, which might have been caused by the relatively high sports participation in both patterns (4.6 and 3.8hr$wk
À1
, respectively) (see table 4). Our activity level measures might have been overestimated because of the loss to follow-up of the older subjects with more severe lesions, who are prone to have lower activity levels.
The pattern with low scores during inpatient rehabilitation and a sharp rise after discharge class had a relatively short length of rehabilitation, low functional status, and low wheelchair exercise capacity at discharge. In view of the remarkable recovery after discharge, outpatient rehabilitation seems to have been sufficient for these persons.
Study limitations and implications
The relatively high dropout of subjects with tetraplegia and older age, who are prone to have lower physical fitness, might have resulted in an overestimation of the exercise capacity after SCI. However, the LCGMM allows the number of observations per person to vary, and therefore repeated measures and cases with missing values can be included in these analyses.
The small group size of the pattern with low scores during inpatient rehabilitation and a sharp rise after discharge and pattern of improvement during inpatient rehabilitation and deterioration after inpatient rehabilitation forced us to interpret our results with caution. We realized that our participants group (NZ130) was a selection, because we lost a substantial part (loss to follow-up group, nZ95) of the original study group (nZ225). This loss to follow-up group, which consisted of subjects with older age and more severe lesions, might have had more secondary impairments, more pain, and lower activity levels; however, this is only speculation and needs to be studied in detail, which is beyond the scope of this article.
The distinct patterns give professionals some insight into how people differ in their physical adaptation to SCI up to 5 years after discharge. Monitoring wheelchair exercise capacity in SCI follow-up care might help to identify persons at risk for a debilitative cycle of exercise capacity with long-term health consequences.
Conclusions
We identified 4 different patterns of change in wheelchair exercise capacity after SCI for up to 5 years after discharge, which expressed a positive trend for the vast majority (88%) of subjects. A minority (12%) showed a clear deteriorating trend. Older age, being a woman, tetraplegia, and low functional status were associated with a low progressive pattern. The identified pattern with deteriorating wheelchair exercise capacity consisted of men with paraplegia, mostly from traumatic causes, with relatively high neuropathic pain levels and low sports activity levels. 
